Annual variation in commencement of hibernation was observed for each sex-age class of the Siberian chipmunk (Tamias sibiricus) in an oak forest in northern Japan for 7 years (1973)(1974)(1975)(1976)(1977)(1978)(1979). Neither air temperature, the duration of preparatory periods for hibernation, nor body mass were directly related to the annual variation. Hibernation began remarkably early in 1974 and 1975. These years were characterized by a population of chipmunks at high density and a failed crop of acorns. Competition for nest sites and low availability of food may be factors encouraging early hibernation. Adult females entered hibernation first, followed by adult males, juvenile females, then juvenile males. Adult males entered hibernation after 99.1 % of females in their ranges had selected hibernation burrows. Males may need to confirm the location of the females' burrows, and this could lead to greater mating success in spring, as chipmunks change hibernation sites yearly. Juveniles entered hibernation later than adults, perhaps because it was difficult for them to select burrows while adults were still active.
hibernation in the wild will help to clarify which, among these factors, are important and whether other factors also affect commencement.
Gender and age differences have been found in the timing of commencement of hibernation in solitary hibernators, which hibernate alone, such as ground squirrels (Spermophilus) and chipmunks (Tamias). Two sequences have been found. In the first, adult males enter hibernation earlier than adult females and juveniles, as in Spermophilus richardsonii (Michener, 1977 (Michener, , 1992 , S. beldingi (Sherman and Morton, 1979) , S. franklinii (Murie, 1973) , and S. columbian us (Young, 1990) . By contrast, in the second, adult females enter hibernation earlier than adult males and juveniles, as in Spermophilus parryii (McLean and Towns, 1981) , S. armatus (Knopf and Balph, 1977) , S. tridecemlineatus (Rongstad, 1965) , and in Tamias sibiricus (Kawamichi, 1989) . Few arguments have been provided to explain the biological significance of these two different sequences. Investigating the order of entry into hibernation from the perspective of the social system may shed light on the subject.
To explore this issue, a field study of T. sibiricus lineatus was carried out in a coastal oak forest in northern Japan (Kawamichi, 1980 (Kawamichi, , 1989 Kawamichi, 1993a, 1993b) . In this paper, I analyze the annual variation in commencement of hibernation in sex-age classes for 5 autumns. I examine the possible factors affecting commencement of hibernation, such as air temperature, body mass, period of food hoarding, population density, and inter-individual interactions, and I suggest reasons that various sex-age classes enter hibernation at such different times.
STUDY AREA AND METHODS
Study area.-This study was conducted in an oak forest located on dunes beside the coast of the Sea of Okhotsk, 35 krn E of Abashiri City, Hokkaido, Japan. The study area (43°55'N, 144°40'E; elevation, 3-20 m) was 6 ha in size (200 by 300 m) in continuous forest.
Temperature data were obtained from the Shari Meteorological Station, 6 krn SE of the study area. Daily mean air temperatures were obtained by taking the median values of daily maximum and minimum air temperatures. Mean air temperature, as used here, was the average of daily mean temperatures, formed by dividing the month into three periods of 10-11 days. For air temperature at commencement of hibernation, I used mean air temperature of the 1 0-II-day period in which hibernation began for each individual.
The maximum annual temperatures were 32.5-35.0°C between mid-July and mid-August, and minima were from -22.8 to -33.2°C between mid-January and early March during the study. Mean air temperatures began to sink below O°C usually from early December onward (Appendix I), and to rise above O°C from late March to mid-April during [1973] [1974] [1975] [1976] [1977] [1978] [1979] . The first snow fall usually occurred in late October, and snow cover was continuous from 3 to 24 December onward during the study. The annual maximum snow depth was 50-192 cm (Kawamichi and Kawamichi, 1993a) . Fresh foliage such as maple buds is available as food from early May; acorns of two species of oaks (Quercus mongolica and Q. dentata) usually are available from early September (Kawamichi, 1980) .
Field observations and analyses.-Field observations were conducted from August 1973 to July 1979, except while chipmunks were below ground in hibernation from early December to late March. Observations were made for a total of 50 months, involving 5,154 hover 1,045 days. In 76% of the 50 months, observations were made on >25 days. In addition, irregular observations (208 days) were conducted in 1980-1989. A total of 375 Siberian chipmunks was repeatedly captured during 1973-1979 in singledoor, wire-mesh cage traps (20 by 12 by 9 cm) baited with com or apples. All individuals were marked (toe-and hair-clipped) for identification when first captured. Wherever possible, chipmunks were captured every month so that I could record their body weights and examine their reproductive condition (length of testis measured within the scrotum, state of pregnancy, and evidence of suckled teats).
The sex-age classes studied were adult females, adult males, juvenile females, and juvenile males. Because yearlings of both genders become sexually mature by the spring of their first mating season, the category "adults" includes yearlings, unless stated otherwise. Individuals of unknown age appeared after summer and were presumed to be juveniles. I obtained most data by directly observing chipmunks as I walked through the study area. I detected nest burrows by tracking chipmunks that had bulging cheek pouches or that were carrying nesting material, or both. Of nest burrows detected, those that actually were used for hibernation were termed hibernation burrows. The date recorded as the day a chipmunk selected a hibernation burrow was the day before the first confirmed use of the burrow. Entrances to hibernation burrows were examined at 1-4-day intervals. The day on which a soil plug was noted at the entrance to the burrow or the day following the last sighting of a resident, was regarded as the date hibernation began (Kawamichi, 1989) .
Groups representing early and late hibernation were designated for each sex-age class, according to whether chipmunks entered hibernation before or after the mean date of commencement for their sex-age class. The mean body masses used for both groups were the mean value of all masses recorded from 1 September to the day before the mean date. The home range of each individual was outlined on a map (1:1,000) by connecting the outermost points of routes that I had seen residents travel. The size of each home range was calculated from the map using Measl software (Graphtech Laboratory, Tokyo, Japan) and a digitizer (Mitablet-ll, Graphtech Company, Tokyo, Japan) connected to a personal computer (pC9881, NEC, Tokyo, Japan).
For statistical analyses, variances of the two sample groups were compared. Aspin-Welch's ttest was used when variances differed significantly (P < 0.05), and Student's t-test when variances did not so differ (Snedecor and Cochran, 1967) choose different hibernation burrows each year (Kawamichi, 1989) ; hibernation sites are underground burrows occupied by single animals (Kawamichi, 1989) . Each year the mean date of selecting hibernation burrows was ca. 1 month later for juveniles than for adults of the same gender, in both genders ( Table 1) . The sequence in the overall mean date of selecting hibernation burrows was adult males, adult females, juvenile females, then juvenile males. The difference in overall mean dates between adults and juveniles of the same gender was significant (t2, P .4: 0.001 for both genders), but that between genders in the same age class was slight and not significant (P > 0.10). The selection sequence among the sex-age classes in each year was in the same order for 3 years, but differed in 1974 and 1976. Annual variation in the mean date of selecting hibernation burrows was apparent in all sex-age classes ( The sequence in the overall mean date of commencement of hibernation was adult females, adult males, juvenile females, then juvenile males. There were significant differences in overall mean dates between genders in the same age class (tl; P < 0.001 for adults; P < 0.02 for juveniles), and between adults and juveniles of the same sex (tl; P < 0.001, for both sexes).
The commencement sequence among the sex-age classes was in the same order each year, except in 1976 ( Table 2 ). The mean date of commencement was early in 1974 for all sex-age classes and in 1975 for adults of both sexes.
Dates of commencement of hibernation for each individual also showed that yearlings entered hibernation earlier than they had the previous year as juveniles; for females it was 11 ± 3 days earlier (n = 13), and for males it was 7 ± 5 days earlier (n = 9). The differences between genders was not significant (P > 0.05).
Air temperature.-Chipmunks enter hibernation over a wide range of air temperatures. The mean air temperature at the start of hibernation was not the same for all groups. Adult females entered hibernation at the highest temperatures, from 20.9 to 4.2°C, while juvenile males entered at the lowest temperatures, from 12.9 to -1.5°C (Fig. 1 ). The modal temperatures were 7.0-8.9°C for adults and for juvenile females, and 3.0-4.9°C for juvenile males. Forty percent of juvenile females also entered hibernation below the modal temperature, at 3.0-6.9°C. Mean air temperature at commencement of hibernation was 10.8 ± OSC (n = 60) for adult females, 8.2 ± 0.6°C (n = 40) for adult males, 7.2 ± 0.6°C (n = 35) for juvenile females, and 4.8 ± 0.7°C (n = 27) for juvenile males. Differences were significant between adults and juveniles of the same sex (in both sexes) and between sexes in the same age class (in adults and juveniles; tl, P < 0.01).
Most individuals entered hibernation before mean air temperature dropped to certain low levels. This critical level for each class, and the fraction of chipmunks that had entered hibernation by this time, were, for adult females, 7°C (98.3% of 60 individuals), for adult males, 4°C (95.0% of Body mass.-The mean body masses of adults were stable in both genders from August to October, after the peak of mean mass in June (Table 3 ). The body masses between yearling males and older males were not different from July onward (P > 0.07), although yearling males weighed significantly less than older males from April to June (fl, P < 0.05 for each month). Females could not be compared in the same way because of increases in mass during pregnancy. Mean body masses of growing juveniles became stable from September onward, but still significantly less than masses of adults (fl, P < 0.001 for each gender in September and October).
There was no indication that the chipmunks stored fat in autumn before hibernation. Change of mean body mass from autumn to spring showed that females > 1 year old weighed 2.5% more in May than they had in October before entry into hibernation; by contrast, adult males> 1 year old showed a slight drop (3.7% less) in April (Table 3) . However, these changes were not significant (P > 0.07). The mean body mass of yearlings in April or May was slightly greater than for juveniles in October (by 6.2% for females in May and by 2.5% for males in April; tl, P < 0.05 for females, P > 0.42 for males).
A comparison of individual masses of males between autumn and spring showed that they decreased 0.4 ± 0.8 g (n = 33). Only the older males lost weight; yearlings gained 1.6 ± 1.5 g (n = 11), and males> 1 year old in spring lost 3.1 ± 1.1 g(n = 12). This difference was significant (tl, P < 0.02).
Adult males in autumn weighed significantly less in 1974 and 1975, the years of early hibernation, than in 1976, 1977, or 1978 (tl, P < 0.05 annual variation was not found in adult females or juvenile males (Table 4) . Among adult females, the early hibernation group weighed 92.5 ± 1.0 g (n = 10) and the late hibernation group, 92.7 ± 1.4 g (n = 24), and this difference was not significant (P > 0.89). Among adult males, the early group weighed 88.9 ± 1.1 g (n = 9), whereas the late group was significantly heavier at 95.6 ± 1.1 g (n = 21; tl, P < 0.001). Among juvenile females and males, the differences between the two groups were not significant; the mean body masses of the early and late groups were 85.2 ± 1.3 g (n = 18) and 87.1 ± 1.8 g (n = 16) in juvenile females (P > 0.38), and 85.0 ± Hoarding of food.-During the preparatory period, the period between the date chipmunks select hibernation burrows and the time they begin hibernation, chipmunks take food and nesting material into their hibernation burrows (Kawamichi, 1989) . The period lasted 40 ± 4 days (range, 7-95, n = 35) for adult males, 26 ± 2 days (range, 8-69, n = 44) for adult females, 18 ± 2 days (range, 7-41, n = 20) for juvenile males, and 17 ± 2 days (range, 7-34, n = 18) for juvenile females.
The preparatory period for adult males was significantly longer than that of adult females (t2, P < 0.01); this difference was due mainly to the difference in the dates hibernation began. The preparatory period also was significantly longer for adults of each sex than for juveniles (t2, P < 0.02).
Juveniles did not differ between genders (P > 0.7).
The range in the mean preparatory period in each year was 22-29 days for adult females, 20-68 days for adult males, 11-22 days for juvenile females, and 14-24 days for juvenile males. In the year with the longest preparatory period (68 days in 1975) for adult males, they selected their hibernation burrows early, but entered hibernation late (Tables I and 2) .
Siberian chipmunks visited their hibernation burrows from 1 to 40 times a day, including the last entry for the night (n = 11 whole-day observations). In 90.1% of 605 visits to burrows, chipmunks had cheek pouches full of food as they entered the burrows. The shortest preparatory period recorded was 7 days; this chipmunk took food into its burrow 40 times on one of those days, and during 548 min of observation, it carried a total of 170 acorns (as counted from the shape of the bulging cheek pouches). Hoarded food found in eight nest chambers excavated during hibernation averaged 1,192 g (range, 408-2,561-Kawamichi, 1989) . Most of the food hoarded consisted of acorns with shells removed. As the mean mass of 90 randomly-sampled, shelled acorns, was 2.0 g, I estimated that on average, 596 acorns were hoarded. In years of good production of acorns, 7 days was sufficient time to hoard enough food for the period of hibernation. Production of acorns failed in both 1974 and 1975. In those years, only one of the 399 oak trees (>25 cm in diameter at 1.3 m high) in the 6-ha study area produced acorns.
Reproductive season and preparation for hibernation.-Siberian chipmunks mate between 17 April and 25 May eX = 10 May, n = 32). The gestation period lasts 30 days, and the period of maternal care lasts 60 days (with the young active outside the nests from the 35th day onward); second litters in the same season have not been observed (Kawamichi, 1989; Kawamichi and Kawamichi, 1993b) .
In years of early hibernation (1974 and 1975) , mean dates for mating were later than in other years; 16 May in 1974 (n = 6) and 15 May in 1975 (n = 10), as compared to 9 May (n = 6), 5 May (n = 2), and 1 May (n = 6) in 1976, 1977, and 1978 , respectively. This in turn affected the mean dates at which chipmunks completed rearing their young (90 days after mating).
Most males, including yearlings (10-11 months old), had developed scrotal testes by the time of their emergence from hibernation; full-sized testes averaged 21.8 ± 0.3 mm long (range, 18.5-24.5, n = 26) in the latter one-half of April. Thereafter, testes gradually regressed and could no longer be measured from the latter one-half of July. From August until commencement of hibernation, no males with enlarged testes were found. Juvenile males did not have enlarged testes in their year of birth.
Population density.-The number of residents that had hibernation burrows in the study areafiuctuated yearly. The overall Correlations were significant for adult females and adult males (P < 0.05).
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population density (the number of residents per hectare, including all sex-age classes) during the period September-November from 1974 to 1978 was 7.2, 7.3, 6.8, 5.5, and 6.7, respectively. The population density of adult and juvenile females from 1974 to 1978 was 4.8, 4.3,3.3,2.7, and 3.3, and for males it was 2.3, 3.0, 3.5, 2.8, and 3.3. Density of females fluctuated by a factor of 1.8, and male density by a factor of 1.5.
In the year of highest density of females (1974), both females and males entered hibernation early, while in the year of lowest population density (1977, in both overall density and density of females), the dates that hibernation began were the latest observed (Fig. 2) . This relationship was consistent also in the other 3 years, in adults of both genders. There was a significant correlation between density of females (including adults and juveniles) each year and the mean date hibernation began for adults (P < 0.05, r = -0.90 fur adult females; P < 0.05, r = -0.96 for adult males). There was, however, not a significant correlation between density of males and the mean date hibernation began for either adult females or adult males (P > 0.05). The correlation between overall density and the mean date hibernation began was not significant for either adult females or adult males (P > 0.05).
In the years of high density (1974, 1975) , interaction between individuals may have been a significant factor; e.g., one juvenile female that had selected a hibernation burrow on 12 September 1974 and hoarded food in it, was accidentally injured on 18 September. I kept it in the laboratory for 2 days; by the time I released it, the burrow had been taken over by another juvenile female. This observation indicates that there is competition for hibernation burrows.
Home range and nest location.-The size of home ranges of adult male residents for September-November was 6,830 ± 368 m 2 (range, 2,706-9,484, n = 22), and of adult female residents, 3,934 ± 332 m 2 (range, 472-8,789 , n = 39). Thus, the mean size of home range of adult males was 1.7 times greater than that of adult females (tI,
Home ranges considerably overlap between the genders throughout the active seasons. Each range for adult males included 3.7 ± 0.4 hibernation burrows of females (range, 1-8, n = 22), of which 2.5 were occupied by adult females and the remainder belonged to newly settled females (juvenile and of unknown age); each range of adult males also included 1.5 ± 0.2 hibernation burrows of other males (range, 0-3, n = 22), of which 0.4 were for adults.
In each range of adult males, there were significantly more burrows of females than of other males (t2, P < 0.001). Conversely, each range of an adult female included 1.1 ± 0.1 hibernation burrows of males (range, 0-3, n = 38), of which 0.7 were of adult males, and each included 1.5 ± 0.2 hibernation burrows of other females (range, 0-4, n = 38), of which 0.9 were of adults.
Each year, female residents found in each range of a male changed considerably, with a shift of hibernation sites and new settlement in both sexes. There was considerable turnover of females annually; 52 of 90 female residents (57.8%) that had hibernation burrows in 1974-1977 remained until the following autumn. Because each year adults move their hibernation sites a mean of 30 m for females or 44 m for males (Kawamichi, 1989) , only 25.6% of the 90 females chose burrows in the same ranges of males as in the previous autumn, and the remaining 32.2% moved to the ranges of other males. Conversely, the proportion of newcomers was high; there were 62 hibernation burrows of females in 18 ranges of adult males in 1975-1977, of which 39 (62.9%) belonged to new females (juvenile or adult), and all 81 females were new for 19 newly settled males.
Relationships between classes and commencement of hibernation.-The dates of selection of burrows and of start of hibernation among sex-age classes were examined with respect to spatial relationships of home ranges. Adult males entered hibernation after a mean of 99.1 % of females (adults and juveniles) in their ranges had selected their hibernation burrows (range, 80.0-100%, n = 22 adult males); juvenile males did so after 97.4% of females (range, 85.7-100%, n = 19 newly-settled males) in their ranges had selected their burrows.
Within the same gender, once adult males had entered hibernation, 45.5% of 22 newly settled males within the ranges of adult males selected their hibernation burrows; in this case, the inter-nest distance between adult and newly settled males averaged 52.1 ± 9.1 m (range, 9.5-97.0, n = 10). Among the other 12 newly settled males who selected their burrows before the hibernation of adult males, the inter-nest distance averaged 53.0 ± 4.8 m (range, 19.5-80.5, n = 12), and this difference was not signifi-
Among females, once adult females had entered hibernation, 53.3% of 15 newly settled females in the ranges of adult females selected their hibernation burrows; the inter-nest distance was 35.7 ± 7.1 m (range, 12.0-70.0, n = 8). Among the seven others who selected their hibernation burrows before adult females entered hibernation, the inter-nest distance was 45.2 ± 9.4 m (range, 16.5-78.0, n = 7); this difference also was not significant (P > 0.4).
Behavior of males around nests of females.-Based on the following observations, I deduced that males are aware of the location of hibernation burrows of females within their ranges in autumn. Three males were seen glancing into hibernation burrows of three different females in autumn (inter-nest distances between genders were 64 and 79 m in two of these cases); after one female disappeared, her hibernation burrow was taken over by a male. Males emerge from hibernation ca. 20 days earlier than females (Kawamichi, 1989) . Soon after males emerged they frequently visited the nest sites of females who had not yet emerged from hibernation, even when the ground surface was still covered with snow. These males sniffed the entrances of the females' burrow, which had been plugged since the previous autumn; they also sniffed the soil around the entrances, dug at the entrances, or walked around the entrances within ca. 2 m for the duration between 1 and 10 min (43 observations). During the period from 27 March to 12 May, 1974 May, -1979 May, and 1989 , 22 males visited a total of 43 times, 22 nest sites from which females had not yet emerged. During 7 h of observations at one female's nest site (10 May 1989), I saw two males visit the nest site twice each. The inter-nest distance between females and visiting males was 10.5-106.0 m (41.8 ± 5.7, n = 20). Of 18 nest sites of females, eight were those nearest to these visiting males.
DISCUSSION
Factors affecting annual variation in commencement of hibemation.-Adults of many species of Spermophilus enter hibernation as early as the summer months (Michener, 1984) , whereas adult T. sibiricus usually did in October. This difference primarily is related to availability of their main food items. The density of food plants eaten by S. saturatus decreased drastically after a peak in June-July (Trombulak, 1987) , whereas mature acorns, the main hoarded item of T. sibiricus, are available only from early September onward (Kawamichi, 1980) . Different strategies for storing energy during hibernation, either as body fat in Spermophilus or as hoarded food in T. sibiricus, apparently reflect different factors inducing hibernation. Attaining a certain body mass is a critical factor in S. richardsonii; individuals with delayed attainment of weights also delayed entry into hibernation (Michener, 1978) . However, S. lateralis in captivity entered hibernation, in spite of an insufficient supply of food that did not allow accumulation of body fat (Pengelley, 1968) . Also in T. sibiricus, body mass was not the factor, as mean body masses were lower in the years of early hibernation (1974 and 1975) than in other years, and as late hibernators had already attained suitable body masses by the time early hibernators entered hibernation.
Conflicting results have been reported on accumulation of fat in autumn in Tamias. Several species, T. speciosus, T. townsendi, T. quadrimaculatus, and T. striatus, develop subdermal and coelomic fat deposits (Forbes, 1966 ), yet T. amoenus (Broadbooks, 1958) , T. minimus (Forbes, 1966) , and T. sibiricus (this study) do not show the signs of fat accumulation in autumn. Kenagy and Barnes (1988) found that T. amoenus fattens <7.4% before hibernation.
Tamias sibiricus could complete food hoarding in the nest chamber during a short period in the oak forest. Chipmunks also hoard food at many other places, with the peak of this scatter hoarding in October (Kawamichi, 1980) . Food stored by scatter hoarding is important for them when they emerge before fresh foliage is available; nearly 60% of feeding sightings in April are excavated seeds (Kawamichi, 1980) . Active scatter hoarding in autumn guarantees food in early spring, particularly for adult males who emerge early. Thus, the importance of scatter hoarding may be related to their not entering hibernation as soon as the nest hoarding was completed.
Acorns are the main item hoarded, but production of acorns failed in 1974 and 1975, and in both years hibernation began earlier than in other years. This indicates that low availability of food may be one factor encouraging early hibernation.
These 2 years also were years of high population densities of chipmunks. In both years, the dates of selecting hibernation burrows and of commencement of hibernation were earlier than usual. There was a correlation between population density of females and the date of commencement of hibernation in both adult females and adult males (Fig. 2) . In 1974 and 1975, conspecific competition for nest sites, food for nest hoarding, and settlement of new residents appeared to be much greater as a result of direct inter-individual interference, and this conspecific competition may have advanced the date of commencement of hibernation in adults. Knopf and Balph (1977) reported an example of early hibernation under a high population density in S. armatus.
There was no evidence that a specific air temperature triggers entry into hibernation. Siberian chipmunks entered hibernation, over a wide range of mean air temperatures, with some entry as early as August, and in the 2 years of early hibernation, mean air temperatures were higher than in other years. Low air temperature, however, appeared to play an important role, because most individuals entered hibernation before air temperatures dropped below 4°C. Such low air temperatures might force active individuals to enter hibernation.
In T. sibiricus, there are two stages in the process of entering hibernation (Kawamichi, 1989) . The first stage is the period after chipmunks plug burrow entrances, when their body temperature in their burrows is still high. During the second stage, chipmunks pack the whole tunnel to the entrance with soil, and most chipmunks lower their body temperatures. The body temperature of hibernating T. sibiricus in captivity is usually 8-lO o C, having dropped from 37-38°C, and the respiratory rate is 3-4 breaths/min (Telegin, 1980) . Solomonova (1992) observed the same two stages for T. sibiricus in Siberia. During the first stage, from October onward, the body temperature of captive chipmunks decreased to 20°C. During the second stage, from November or December onward, body temperature fell to 5°C. In Hokkaido, the second stage usually commenced in late November (Kawamichi, 1989) , when mean air temperature dropped to <5°C (Appendix I); this level of air temperatures coincides with the level proposed as forcing hibernation.
In 1974 and 1975, when severe conspecific competition caused by a high population density and low availability of food existed, early entry into hibernation would have been beneficial for chipmunks. Once a sufficient amount of food has been hoarded in the nest chamber, plugging the burrow entrance is an effective way of preventing invasion by conspecifics and predators. The stealing of hoarded food from other hibernation burrows has occasionally been observed (Kawamichi, 1989) . Furthermore, mortality during hibernation is low (3.7-5.7% among the sex-age classes), compared with 47.9% for adult females and 51.0% for adult males during the active season (Kawamichi and Kawamichi, 1993a) . Therefore, chipmunks make a choice as to the best time to plug burrows for entering the first stage. Thus, the first stage is an adjustment period leading to true physiological hibernation during the second stage.
Sexual and age differences in commencement of hibernation.-Solitary hibernators in the family Sciuridae show sexual and age differences in the time they begin hibernation. In many species of Spermophilus, adult males hibernate earlier than adult females. Michener (1984) considered that later hibernation of adult females is a result of their rearing young. In T. sibiricus, however, females select their hibernation burrows 1 month after they complete the rearing of young by mid-August. In years when young were reared late, hibernation began early (the latest matings being in 1974 and 1975) , indicating that annual variation in reproduction did not affect commencement of hibernation.
Tamias sibiricus is a solitary, small animal, and it has large home ranges in forest or dense bushy areas. These characteristics do not facilitate conspecific encounters. Furthermore, 63% of females in ranges of adult males, and all females in the ranges of newly settled males, were newcomers for males, due to the shift of hibernation sites and new settlement in both genders. This may make it difficult for males to know the internal use of home ranges, including nest sites, by those new females.
The mean dates that hibernation began for adult males (22 October) and juvenile males (3 November) were much later than those on which females selected their hibernation burrows (adults, 15 September; juveniles, 13 October; Tables 1 and 2 ). Individual adult and juvenile males entered hibernation after almost all females in their ranges had selected their hibernation burrows. This indicates that males entered hibernation after confirming the location of most of the burrows of females in their ranges. Males probably remember the location of nest sites of females even after the long period of hibernation. This is indicated by the behavior of males around nest sites of females in spring before the emergence of females, and from the fact that several males moved to burrows abandoned by females in spring (Kawamichi, 1989) . The learning of the location of nest sites of females, by males before hibernation, may increase the chance of mating for males in spring, as suggested by Michener (1984) and Trombulak (1987) . In spring, snow cover may prevent males from detecting nest sites of females, and females come in estrus soon after emergence (Kawamichi and Kawamichi, 1993a) .
The pattern of adult males entering hibernation later than adult females, as in T. sibiricus, has been found in S. tridecemlineatus (Rongstad, 1965) , S. armatus (Knopf and Balph, 1977) , S. parryii (McLean and Towns, 1981) , and S. saturatus (Trombulak, 1987) . In S. parryii, only males store food and require much time to maximize body mass (McLean and Towns, 1981) . Another reason may be that this species has a large home range (Carl, 1971) , and males may, like male T. sibiricus, confirm nest sites of females before hibernation.
In many species of Spermophilus in which males first enter hibernation, males would not know the exact location of nests of females. However, the detection of females by males in spring is not difficult in these species, because they are relatively large (200-700 g), often colonize open habitat such as grassland, and are sedentary within small areas from year to year (Harris and Murie, 1984) .
Juveniles have been found to enter hibernation later than adults in both Spermophilus and Tamias, because they need to gain enough body mass to sustain them through winter (Michener, 1984) . Juvenile T. sibiricus, however, attained stable body weights (ca. 85 g) in September, yet did not enter hibernation until late October. No significant difference in body masses was found between early and late hibernating groups of juveniles. These results indicate that later commencement of hibernation in juveniles than in adults is not caused by the requirement of a longer period to gain sufficient body mass.
A more likely reason for this is direct interference within the same gender. The mean dates of selecting hibernation burrows in juvenile females (13 October) and in juvenile males (20 October) were close to those on which adults of the same gender entered hibernation (adult females, 10 October; adult males, 22 October). Also, once adults had entered hibernation, nearly onehalf of the juveniles of the same gender in the adult ranges selected their own hibernation burrows. This indicates that juveniles may find it difficult to select hibernation burrows within the home ranges of adults of the same gender while the adults are still active, as adults always dominate juveniles (Kawarnichi et al., 1987) . Juveniles can select suitable hibernation burrows anywhere once adults of the same gender have entered hibernation.
Thus, in years of early hibernation (as in 1974), adult females first entered hiberna-tion, and then juvenile females selected their hibernation burrows. After confirming the location of the hibernation burrows of adult and juvenile females, adult males entered hibernation relatively early, then juvenile males were free to select their own hibernation burrows. In 1975, the hibernation of adult females was not so early, so burrow selection of juvenile females was delayed. Because of this delay in juvenile females, hibernation of juvenile males was not early, but it occurred as in other years.
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